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There are many castle ruins located on Shirasu plateau, e.g. Kiyoshiki castle in Satsumasendai city, Kagoshima and 
Shibushi castle in Shibushi city, Kagoshima. Cut slopes and alamedas around castle ruins have been eroded due to 
rainfall. Many trees and bamboos grow thick around castle ruins. It is important to fell trees and bamboos in order to 
protect shirasu slopes from strong wind during a typhoon. The authors have proposed an erosion mitigation of alameda 
in historic places using an improved soil composed of bamboo chips, ash from Mt. Shinmoe, and cement. In this paper, 
erosion resistant properties of the improved soil using bamboo chips are investigated. 
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㸯㸬ࡣࡌࡵ࡟
 
㮵ඣᓥ┴࡟ࡣࠊᩘከࡃࡢ୰ୡᒣᇛࡀṧࡗ࡚࠾ࡾࠊࡑࡢ࡯࡜ࢇ࡝ࡀᅜࡢྐ㊧ᣦᐃࢆཷࡅ࡚࠸ࡿ㸦౛࠼ࡤࠊΎ
Ⰽᇛ㊧ࠊᚿᕸᚿᇛ㊧ࠊ㧗ᒣᇛ㊧ࠊ▱ぴᇛ㊧࡞࡝㸧ࠋΎⰍᇛ㊧㸦2004ᖺ㸧ࠊᚿᕸᚿᇛ㊧㸦2005ᖺ㸧࡛ࡣࠊᅜࡢྐ
㊧ᣦᐃࢆཷࡅࡓࡇ࡜ࢆ㋃ࡲ࠼ࠊྐ㊧ΎⰍᇛ㊧ಖᏑ⟶⌮ィ⏬ࡸᚿᕸᚿᇛྐ㊧බᅬಖᏑᩚഛ஦ᴗᇶᮏィ⏬ࡀ⟇ᐃ
ࡉࢀࠊࡑࡢィ⏬࡟ἢࡗࡓసᴗࡀ⾜ࢃࢀ࡚ࡁ࡚࠸ࡿࠋ໭ᮧࡽࡣࠊᆅ┙ᕤᏛⓗほⅬ࠿ࡽࠊΎⰍᇛ㊧࠾ࡼࡧᚿᕸᚿ
ᇛ㊧࡟࠾ࡅࡿ✵ᇼࡸᅵሠ࡞࡝ࡢࡋࡽࡍᩳ㠃ಖㆤ࡟㛵ࡍࡿྲྀࡾ⤌ࡳࢆᚿᕸᚿᕷᩍ⫱ጤဨ఍ࡸ⸃ᦶᕝෆᕷᩍ⫱ጤ
ဨ఍࡜㐃ᦠࡋ࡚ᐇ᪋ࡋ࡚ࡁ࡚࠸ࡿ 1)ࠊ2)ࠋࡇࢀࡲ࡛ࡢㄪᰝ࡟࠾࠸࡚ࠊΎⰍᇛ㊧࡛ࡣࠊᗈⴥᶞࡸேᕤ᳜ᯘࡉࢀࡓ
ࢫࢠࡸࣔ࢘ࢯ࢘ࢳࢡ࡞࡝ࡢ᳜⏕ࡀ⦾ⱱࡋ࡚࠾ࡾࠊࡇࢀࡽࡀ㞵Ỉࡢᆅ┙࡬ࡢ฿㐩ࢆ㜵ࡂࠊ౵㣗ࡸᔂቯࢆ㍍ῶࡉ
ࡏ࡚࠸ࡿ୍᪉࡛ࠊᙉ㢼᫬࡟ᶞᖿ࣭ᶞ᰿ࡀࡺࡍࡽࢀࡿࡇ࡜࡛ࡋࡽࡍᆅ┙ࡀ⦆ࢇ࡛౵㣗ࡸᔂቯࢆ౵㣗ࡉࡏ࡚࠸ࡿ
࡞࡝ࡢၥ㢟ࡀぢࡽࢀ࡚࠾ࡾࠊ≉࡟ேᕤ᳜ᯘࡉࢀࡓᶞᮌࡢ⟶⌮ࡀ㔜せ࡛࠶ࡿࠋࡲࡓࠊྐ㊧ࡢಖㆤ࣭⟶⌮ࢆ┠ⓗ
࡜ࡋࡓ௨እࡢ⌧≧ኚ᭦ࡣㄆࡵࡽࢀ࡞࠸ࡓࡵࠊᚑ᮶ࡢᩳ㠃ಖㆤᕤἲࡢ㐺⏝ࡣ㞴ࡋ࠸ࠋࡑࡇ࡛ࠊⴭ⪅ࡽࡣࠊᶞᮌ
⟶⌮ࡢࡓࡵ࡟ఆ᥇ࡉࢀࡓࢫࢠࡸࣔ࢘ࢯ࢘ࢳࢡࢆࢳࢵࣉ໬ࡋࠊ⌧ᆅᅵ࡜ΰࡐྜࢃࡏࡓᨵⰋᅵࢆస〇ࡋࠊᩳ㠃ࡸ
㐟Ṍ㐨ࡢ౵㣗㜵Ṇᮦ࡜ࡋ࡚฼⏝ࡍࡿࡇ࡜ࢆ⪃࠼࡚࠸ࡿࠋᮏㄽᩥ࡛ࡣࠊྐ㊧ෆࡢ㐟Ṍ㐨ࡢ౵㣗㜵Ṇࡢࡓࡵࡢ➉ 
－39－
ࢳࢵࣉࢆ฼⏝ࡋࡓᨵⰋᅵ࡟ࡘ࠸࡚ࠊᨵⰋຠᯝࢆ᳨ドࡍ
ࡿࡓࡵ࡟ேᕤ㝆㞵⿦⨨ࢆ⏝࠸ࡓᨵⰋᅵࡢ౵㣗㜵Ṇຠᯝ
ࡢ᳨ド࡜୍㍈ᅽ⦰ヨ㦂࡟ࡼࡿᨵⰋᅵࡢ㓄ྜࡢ㐪࠸࡜୍
㍈ᅽ⦰ᙉᗘࡢ㛵ಀ࡟ࡘ࠸࡚⪃ᐹࢆ⾜ࡗࡓࠋ 
 
㸰㸬➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡢ㞵Ỉ౵㣗㜵Ṇ࡟ᑐ
ࡍࡿ᭷ຠᛶ࡟ࡘ࠸࡚
 
 ࡋࡽࡍ⢏ᏊࡣࠊከᏍ㉁࡛࠶ࡿࡓࡵࠊࡑࡢᐦᗘࡣᑠࡉ
ࡃࠊὶỈ࡟ࡼࡗ࡚ᐜ᫆࡟౵㣗ࡉࢀࡿࠋ㮵ඣᓥ┴ࡢ୰ୡ
ᒣᇛࡢከࡃࡣࠊࡋࡽࡍᩳ㠃ࡢ࿘㎶࡟⠏㐀ࡉࢀ࡚࠸ࡿࡓ
ࡵࠊࡑࡢ✵ᇼࡸᅵሠࠊ㐟Ṍ㐨࡞࡝ࡣ㞵Ỉ࡟ࡼࡿ⾲㠃ὶ
࡟ࡼࡗ࡚ࠊ౵㣗ࡉࢀ࡚࠸ࡿࠋ෗┿ 1 ࡣࠊ2011 ᖺ 12 ᭶
23 ᪥࡟ᚿᕸᚿᇛ㊧࡟࠾࠸࡚᧜ᙳࡉࢀࡓ㐟Ṍ㐨ࡢ≧ែ
࡛࠶ࡿࡀࠊ㞵Ỉ࡟ࡼࡿ౵㣗ࡀ㝵ẁࡢ୧ഃ࠾ࡼࡧୗ㒊࡟
࠾࠸࡚Ⓨ⏕ࡋ࡚࠸ࡿࠋࡑࡇ࡛ࠊᚿᕸᚿᇛ㊧࡟࠾࠸࡚ࠊ
➉ࢳࢵࣉ࡜⌧ᆅࡢᅵࢆΰྜࡋࡓࡶࡢࢆ౵㣗⿕ᐖࡢከ࠸
ᩓ⟇㐨ࡢ㝵ẁ⬥࡟⿕そࡋࠊࡑࡢ౵㣗≧ἣ࡟ࡘ࠸࡚㛗ᮇ
࡟ほᐹࢆ⾜ࡗࡓࠋ෗┿ 2࡟➉ࢳࢵࣉ࡜⌧ᆅᅵ࡜ࡢΰྜ
ᅵࢆᩜࡁワࡵࡓ㝿ࡢ≧ἣ㸦2012ᖺ 3᭶ 9᪥᫬Ⅼ㸧ࢆ♧
ࡍࠋ࡞࠾ࠊᮏほ ࡛ࡣ➉ࢳࢵࣉࡢ㞵Ỉ౵㣗㜵Ṇࡢ᭷ຠ
ᛶࢆほᐹࡍࡿࡓࡵࡢࡶࡢ࡛ࠊ➉ࢳࢵࣉ࡜⌧ᆅᅵࡢ㓄ྜ
๭ྜ࡞࡝࡟ࡘ࠸࡚ࡣࠊ⪃៖ࡉࢀ࡚࠸࡞࠸ࠋ෗┿ 3࡟ 10
ࣨ᭶⤒㐣ᚋࡢ≧ἣࢆ♧ࡋ࡚࠸ࡿࠋ෗┿ࡼࡾࠊ࿘㎶ࡢ⎔
ቃ࡜⁐ࡅ㎸ࡳࠊ౵㣗ࡶᢚไࡉࢀ࡚࠸ࡿࡶࡢ࡜ᛮࢃࢀࡿࠋ
ࡇࡢࡇ࡜࠿ࡽࠊ➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡀ㞵Ỉࡢ౵㣗
࡟ᑐࡋ࡚᭷ຠ࡛࠶ࡿྍ⬟ᛶࡀほᐹࡉࢀࡓࠋࡲࡓࠊ➉ࢳ
ࢵࣉࢆ฼⏝ࡋࡓᨵⰋᅵ࡟㛵ࡋ࡚ࡣࠊ⌧ᆅࡢ᳜⏕⟶⌮㸦➉
ࡢఆ᥇㸧ࡸ࿘㎶ࡢᆅᇦࡢⅆᒣ⅊࡞࡝ࢆ฼⏝ࡍࡿࡇ࡜࡛ࠊ
୙せ࡜ࡉࢀࡿᮦᩱࡢ᭷ຠά⏝ࡀྍ⬟࡜࡞ࡿࡇ࡜ࡀ⪃࠼
ࡽࢀࡿࠋ࡞࠾ࠊྠᵝ࡞⪃࠼᪉࡜ࡋ࡚ࠊ㧗ᶫࡽ 3)ࡀ⾜ࡗ
࡚࠸ࡿᮾ᪥ᮏ኱㟈⅏࡛Ⓨ⏕ࡋࡓᗫᮌᮦ࡜ὠἼሁ✚≀ࡢ
෌㈨※໬࡟㛵ࡍࡿ◊✲࡞࡝ࡀ࠶ࡿࠋ 
 
㸱㸬➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵ࡟ࡘ࠸࡚
 
➨ 2❶࡛㏙࡭ࡓᚿᕸᚿᇛ㊧࡛ࡢほᐹ⤖ᯝ࠿ࡽࠊ➉ࢳ
ࢵࣉࡣ౵㣗㜵Ṇ࡟᭷ຠ࡞ྍ⬟ᛶࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ
ࡑࡇ࡛ࠊᮏ◊✲࡛ࡣ➉ࢳࢵࣉ࡜ᅵࢆΰྜࡉࡏࡓᨵⰋᅵ
ࡢ㐺⏝⠊ᅖࢆᗈࡆࡿࡓࡵࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ
ࢆᑡ㔞ຍ࠼ࡓᨵⰋᅵࡢ㛤Ⓨࢆヨࡳࡓࠋࡉࡽ࡟ࠊ㮵ඣᓥ
┴໭㒊࡛ࡣࠊ᪂⇞ᓅⅆᒣ⅊ࡢฎ⌮ၥ㢟ࡀⓎ⏕ࡋࡓࡓࡵࠊ
➉ࢳࢵࣉ࡜ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ࡟᪂⇞ᓅⅆᒣ⅊
ࢆΰྜࡋࡓᨵⰋᅵࡢ㛤Ⓨࢆ⾜ࡗࡓࠋࡑࡢᨵⰋᅵ࡟ࡘ࠸
࡚ࠊேᕤ㝆㞵⿦⨨ࢆ⏝࠸ࡓᨵⰋᅵࡢ౵㣗㜵Ṇຠᯝࡢ᳨ドࠊ࠾ࡼࡧ୍㍈ᅽ⦰ヨ㦂࡟ࡼࡿᨵⰋᅵࡢ㓄ྜࡢ㐪࠸࡜
୍㍈ᅽ⦰ᙉᗘࡢ㛵ಀ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗ࡚࠸ࡿࠋ

 ➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡢᴫせ
෗┿ 1 㐟Ṍ㐨ࡢ౵㣗≧ἣ 
㸦ᚿᕸᚿᇛ㊧ࠊ2011ᖺ 12᭶ 23᪥㸧 
 
෗┿ 2 ΰྜᅵ㸦➉ࢳࢵࣉ࡜⌧ᆅᅵ㸧ࡢᩜࡁワࡵ≧ἣ 
㸦ᚿᕸᚿᇛ㊧ࠊ2012ᖺ 3᭶ 9᪥㸧 
෗┿ 3 ΰྜᅵࡢᩜࡁワࡵ≧ἣ 
㸦ᚿᕸᚿᇛ㊧ࠊ10ࣨ᭶⤒㐣ᚋ㸧 
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 ௒ᅇࡢᐇ㦂࡛⏝࠸ࡓ➉ࢳࢵࣉࡣΎⰍᇛ㊧ᆅෆ࡛ฎ⌮ࡉࢀࡓࡶࡢࢆ౑⏝ࡋࡓࠋฎ⌮ࡉࢀࡓ➉ࢳࢵࣉࡣ୍ᖺవ
ࡾΎⰍᇛ㊧ᆅෆ࡟ᨺ⨨ࡉࢀ࡚࠾ࡾከࡃࡢỈศࢆಖᣢࡋ࡚࠸ࡓࡢ୍࡛᪥ኳ᪥ᖸࡋࢆ⾜ࡗࡓࠋࡑࡋ࡚ࠊ஝⇱ᚋࠊ
ᙧࡸ኱ࡁࡉ࡟኱ࡁ࡞ࡤࡽࡘࡁࡀぢࡽࢀࡓࡓࡵࠊ9.5mmࡩࡿ࠸㏻㐣ヨᩱࢆ౑⏝ࡋࡓࠋ᪂⇞ᓅⅆᒣ⅊࡟ࡘ࠸࡚ࡣ
⌧ᆅ࡛᥇ྲྀࡋࡓヨᩱࢆࡩࡿ࠸࡟࠿ࡅࡎ࡟ࡑࡢࡲࡲ౑⏝ࡋࡓ㸦⢏ᚄ 75m㹼2.0mmࡢ◁ศࡀ⣙ 92%㸧ࠋ෗┿ 4࡟
➉ࢳࢵࣉ࡜᪂⇞ᓅⅆᒣ⅊ࢆ♧ࡍࠋ 
 
 㓄ྜẚࡢタᐃ
 㓄ྜẚ࡟ࡘ࠸࡚ࡣࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺࡢΰධ⋡  [%]ࠊ᪂⇞ᓅⅆᒣ⅊ࡢྵỈẚ  [%]ࠊ➉ࢳࢵࣉࡢ
ΰධ⋡  [%]ࢆタᐃࡋࠊ౪ヨయࡢసᡂࢆ⾜ࡗࡓࠋࡑࢀࡒࢀࡢᐃ⩏ᘧࡣࠊ௨ୗࡢ㏻ࡾ࡛࠶ࡿࠋࡲࡓࠊᅗ 1࡟㓄ྜ
ẚࡢᴫ␎ᅗࢆ♧ࡍࠋ 
 
100/             (1) 
100/              (2) 
                           (3) 
 
ࡇࡇ࡟ࠊ㸸ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺࡢΰྜ㔞 [kg]ࠊ㸸
➉ࢳࢵࣉࡢΰྜ㔞 [kg]ࠊ㸸ᨵⰋᅵ඲యࡢ㉁㔞 [kg]ࠊw㸸Ỉࡢ㉁㔞 [kg]ࠊs㸸᪂⇞ᓅⅆᒣ⅊ࡢ㉁㔞 [kg]ࠋ 
 
㸲㸬ேᕤ㝆㞵⿦⨨ࢆ⏝࠸ࡓᨵⰋᅵࡢ౵㣗㜵Ṇຠᯝࡢ᳨ド
 
 ౵㣗ヨ㦂ࡢᴫせ
ᮏヨ㦂࡛ࡣࠊேᕤ㝆㞵⿦⨨ࢆ⏝࠸࡚㝆㞵࡟ᑐ
ࡍࡿ➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡢ⪏౵㣗ᛶ࡟ࡘ࠸
᳨࡚ウࢆ⾜࠺ࠋ≉࡟ࠊ➉ࢳࢵࣉࡢ᭷↓ࡀ౵㣗㔞
࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸᳨࡚ドࡋࡓࠋᅗ 2࡟ேᕤ㝆
㞵⿦⨨࠾ࡼࡧ౵㣗ヨ㦂ᶵࡢᴫせᅗࢆ♧ࡍࠋ 
౪ヨయࡣࠊᆺᯟ࡜ࡋ࡚ࢥࣥࢡ࣮ࣜࢺࣃࢿࣝࢆ
౑⏝ࡋࠊ⦪ 100cmࠊᶓ 30cmࠊ㧗ࡉ 5cm ࡢࡶࡢ
ࢆ౑⏝ࡋࡓࠋᨵⰋᅵࡢ㓄ྜẚ࡟ࡘ࠸࡚ࠊ⾲ 1࡟
♧ࡍࠋ᪂⇞ᓅࡢྵỈẚࡣ 60%࡛⤫୍ࡋࠊᬑ㏻࣏
ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺࡢΰධ⋡ࢆ 1%ࠊ➉ࢳࢵࣉ
ࡢΰධ⋡ࢆ 10%ࠊ5%ࠊ0%࡟タᐃࡋࠊ㣴⏕ᮇ㛫
ࢆ 1㐌㛫࡜ 2㐌㛫࡜ࡋࡓࠋࡑࢀࡽࢆᆺᯟ࡟㛫㝽
ẚ =1.2࡜࡞ࡿࡼ࠺࡟⥾ᅛࡵࡋࠊ㣴⏕ࡉࡏࡓࠋ 
  
(a) ΎⰍᇛ㊧ᆅ࡛ᚓࡽࢀࡓ➉ࢳࢵࣉ (b) ᪂⇞ᓅⅆᒣ⅊ 
෗┿ 4 ➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡢᮦᩱ 
ᅗ 1 ᨵⰋᅵࡢ㓄ྜẚࡢᴫ␎ᅗ 
ᅗ 2 ேᕤ㝆㞵⿦⨨࡜౵㣗ヨ㦂ᶵࡢᴫせᅗ 
ἍἳὅἚ
້ޛ໋
൦
ᇦἓἕἩ

－41－
 
ഴᩳゅࡣࠊᚿᕸᚿᇛ㊧࡛⣙ 5࠿ᡤࠊΎⰍᇛ㊧࡛⣙ 25࠿ᡤ࡟࠾࠸࡚ࠊഴᩳィࢆ⏝࠸㐟Ṍ㐨ࡢഴᩳゅࢆ ᐃࡋ
ࡓ⤖ᯝࠊᖹᆒഴᩳゅ 45ᗘ࡛࠶ࡗࡓࡓࡵࠊ45ᗘ࡟タᐃࡋࡓࠋࡲࡓࠊẚ㍑ࡢࡓࡵࠊഴᩳゅ 30ᗘ࡛ࡶྠᵝࡢᐇ㦂
ࢆ⾜ࡗࡓࠋ㝆㞵㔞ࡣࠊ1᫬㛫ᙜࡓࡾ 20mm࡟࡞ࡿࡼ࠺࡟ὶ㔞ィࢆタᐃࡋ࡚ࠊ⣙ 4᫬㛫㐃⥆ࡋ࡚㞵ࢆ㝆ࡽࡏࠊ
㞵Ỉ࡟ࡼࡿ౵㣗㔞࡟ࡘ࠸࡚ࠊୗὶഃ࡟タ⨨ࡋࡓᅇ཰⟽࡟ሁ✚ࡋࡓᅵ◁㔞ࢆィ ࡍࡿࡇ࡜࡟ࡼࡾồࡵࡓࠋ 
 
 ヨ㦂⤖ᯝࡢ⪃ᐹ
 ヨ㦂⤖ᯝࢆᅗ 3࡟♧ࡍࠋࡲࡎࠊഴᩳゅࡢ㐪࠸࡟ࡼࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࡍࡿ࡜ࠊഴᩳゅ 45ᗘࡢ᪉ࡀ࠸ࡎࢀࡢ
㓄ྜࢣ࣮ࢫ࡟࠾࠸࡚ࡶ⣼✚ὶฟᅵ◁㔞ࡀከࡃ࡞ࡿࡇ࡜ࡀศ࠿ࡿࠋࡲࡓࠊ➉ࢳࢵࣉΰධ⋡࡟㛵ࡋ࡚ࡣࠊ10%࡜
5%࡛ࡣࠊ➉ࢳࢵࣉΰධ⋡ࡀ኱ࡁ࠸᪉ࡀὶฟᅵ◁㔞ࡣᑡ࡞ࡃ࡞ࡿࡇ࡜ࡀศ࠿ࡿࠋ≉࡟ࠊ➉ࢳࢵࣉࢆΰධࡋ࡚࠸
࡞࠸౪ヨయ㸦No.5࡜ No.6㸧࡟࠾࠸࡚ࡣࠊὶฟᅵ◁㔞ࡀ➉ࢳࢵࣉࢆΰධࡋࡓ౪ヨయࡼࡾࡶከࡃ࡞ࡗ࡚࠸ࡿࡇ࡜
ࡀศ࠿ࡿࠋࡇࢀࡣࠊ➉ࢳࢵࣉࢆධࢀࡿࡇ࡜࡛ࠊ౪ヨయࡢᖹᆒ⢏ᚄࡀቑࡍࡇ࡜ࡸᅵ⢏Ꮚ࡜ࡢჶྜࢃࡏࡀྥୖࡍ
ࡿࡇ࡜࡟ࡼࡾࠊ౵㣗ࡋ࡟ࡃࡃ࡞ࡗࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ
➉ࢳࢵࣉ㣴⏕ᮇ㛫ࡢᙳ㡪࡟ࡘ࠸࡚ࡣࠊ1 㐌㛫࡜ 2 㐌㛫
࡛ࡣࠊ⣼✚ὶฟᅵ◁㔞࡟ࡣࡑࢀ࡯࡝኱ࡁ࡞㐪࠸ࡣぢࡽ
ࢀ࡞࠿ࡗࡓࠋࡼࡗ࡚ࠊ➉ࢳࢵࣉࢆΰධࡉࡏࡓ᪉ࡀࠊ㞵
Ỉ࡟ࡼࡿ౵㣗࡟ᑐࡋ࡚᭷ຠ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ 
 
㸬➉ࢳࢵࣉࢆ⏝࠸ࡓᨵⰋᅵࡢ୍㍈ᅽ⦰ᙉᗘ≉ᛶ
 
୍㍈ᅽ⦰ヨ㦂ࡢᴫせ
 ᮏ◊✲࡛ࡣࠊྐ㊧ෆࡢ㐟Ṍ㐨ࡢ౵㣗ᑐ⟇ࡢࡓࡵࡢ➉
ࢳࢵࣉࢆ฼⏝ࡋࡓᨵⰋᅵࡢ㛤Ⓨࢆ┠ᣦࡋ࡚࠾ࡾࠊྍ⬟
࡞㝈ࡾࢭ࣓ࣥࢺΰධ⋡ࢆᑡ࡞ࡃࡋࡓ᮲௳ୗ࡛ࠊ౵㣗ᑐ
⟇࡟฼⏝ྍ⬟࡞ᨵⰋᅵࡢ㛤Ⓨࢆࡍࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋ 
⾲ 1 ౵㣗ヨ㦂࡟⏝࠸ࡓᨵⰋᅵࡢ㓄ྜẚ 
 
(a) ഴᩳゅ 30ᗘ (b) ഴᩳゅ 45ᗘ 
ᅗ 3 㝆㞵࡟ࡼࡿ⣼✚ὶฟᅵ◁㔞 
ᅗ 4 ୍㍈ᅽ⦰ヨ㦂ᶵࡢᴫせᅗ 
ࢭ࣓ࣥࢺΰධ⋡ ᪂⇞ᓅⅆᒣ⅊ ➉ࢳࢵࣉΰධ⋡ 㣴⏕ᮇ㛫
  [%] ྵỈẚ [%]   [%] [㐌㛫]
1 1 60 10 1
2 1 60 5 1
3 1 60 10 2
4 1 60 5 2
5 1 60 0 1
6 1 60 0 2
౪ヨయ
0
100
200
300
400
500
600
700
1 2 3 4 5 6
⣼
✚
ὶ
ฟ
ᅵ
◁
㔞
㻌㼇㼓
㼉
౪ヨయ㻺㼛㻚
㻝㐌㛫 㻞㐌㛫㣴⏕ᮇ㛫䠖㻝㐌㛫 㣴⏕ᮇ㛫䠖㻞㐌㛫
=10% =5%
=10% =5%
=0% =0%
0
100
200
300
400
500
600
700
1 2 3 4 5 6
⣼
✚
ὶ
ฟ
ᅵ
◁
㔞
㻌㼇㼓
㼉
౪ヨయ㻺㼛㻚
㣴⏕ᮇ㛫䠖㻝㐌㛫 㣴⏕ᮇ㛫䠖㻞㐌㛫 㻝㐌㛫 㻞㐌㛫
=10% =5% =10% =5%
=0% =0%
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ࡑࡇ࡛ࠊࢭ࣓ࣥࢺΰධ⋡ࡀᑡ࡞
࠸᮲௳ୗ࡟࠾ࡅࡿ➉ࢳࢵࣉࢆ⏝
࠸ࡓᨵⰋᅵࡢᙉᗘ≉ᛶࢆ▱ࡿࡓ
ࡵ࡟ࠊ୍㍈ᅽ⦰ヨ㦂࡟ࡼࡾᚓࡽ
ࢀࡿ୍㍈ᅽ⦰ᙉᗘ u ࢆ⏝࠸࡚
ᙉᗘ≉ᛶ࡟㛵ࡍࡿ⪃ᐹࢆ⾜ࡗࡓࠋ
୍㍈ᅽ⦰ヨ㦂ᶵࡢᴫ␎ᅗࢆᅗ 4
࡟♧ࡍࠋヨ㦂ࡢ౪ヨయࡣࠊ➉ࢳࢵࣉΰධ⋡ࢆ 10%࡟
タᐃࡋࠊ➉ࢳࢵࣉࡢ྾Ỉᛶࢆ⪃៖ࡋࠊ᪂⇞ᓅⅆᒣ⅊
ࡢྵỈẚࢆ =60ࠊ90ࠊ120%࡜㧗ࡵ࡟タᐃࡋࡓࠋࡲ
ࡓࠊ㣴⏕ᮇ㛫ࢆ 1ࠊ2ࠊ4㐌㛫ࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ
࣓ࣥࢺΰධ⋡ࢆ 1ࠊ2ࠊ3%࡜ࡋࡓィ 27✀㢮ࡢ㓄ྜࢆ
సࡾࠊ┤ᚄ 5cmࠊ㧗ࡉ 10cm ࡢ࣮ࣔࣝࢻ࡟ࠊ࣐ࣛࣥ
࣮ࢆ⏝࠸࡚ 2ᒙ࡟ศࡅ࡚ 5ᅇࡎࡘࠊ㛫㝽ẚ =0.98࡜
࡞ࡿࡼ࠺࡟✺ࡁᅛࡵࡓࠋ㓄ྜ⾲ࢆ⾲ 2࡟♧ࡍࠋ 
ࡲࡓࠊ᪂⇞ᓅⅆᒣ⅊ࡢྵỈẚࢆ =60%ࠊࢭ࣓ࣥࢺ
ΰධ⋡ =2%ࠊ㣴⏕ᮇ㛫ࢆ 2 㐌㛫࡜ࡋࡓ࡜ࡁࡢ➉ࢳ
ࢵࣉΰධ⋡ࡢ㐪࠸㸦=5㹼20%㸧ࡢ୍㍈ᅽ⦰ᙉᗘ࡬ࡢ
ᙳ㡪࡟ࡘ࠸࡚ࡶㄪ࡭ࡓࠋ 
 
 ୍㍈ᅽ⦰ヨ㦂⤖ᯝ࡜⪃ᐹ
 ࡇࡇ࡛ࡣࠊྵỈẚࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺΰ
ධ⋡ࠊ➉ࢳࢵࣉΰධ⋡ࡢィ 3✀㢮ࡢ㓄ྜẚࡢ㐪࠸ࡀ
୍㍈ᅽ⦰ᙉᗘ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࢆ⾜ࡗࡓࠋ 
D ྵỈẚ
ᅗ 5 ࡟♧ࡍࡼ࠺࡟ࠊࢭ࣓ࣥࢺΰධ⋡ 3%ࡢሙྜࠊ
ⅆᒣ⅊ࡢྵỈẚࡀቑຍࡍࡿ࡜୍㍈ᅽ⦰ᙉᗘࡣపୗࡍ
ࡿഴྥࡀ࠶ࡿࡀྵࠊ Ỉẚ 60%࡜ 90%ࡢ౪ヨయ࡛ࡣࡑ
ࢀ⛬ᙉᗘᕪࡣぢࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊࢭ࣓ࣥࢺΰධ
⋡ 1%ࡢࢣ࣮ࢫ࡟࠾࠸࡚ࡢࡳࠊྵỈẚ 60%࡜ 90%࡛
ᙉᗘᕪࡀぢࡽࢀࡓ㸦ᅗ 6㸧ࠋࢭ࣓ࣥࢺΰධ⋡ 1%࡛ࡣࠊ
ྵỈẚ 90%࡟ࡶ࡞ࡿ࡜ࢭ࣓ࣥࢺ㔞࡟ẚ࡭Ỉࡢ㔞ࡀከ
ࡍࡂࡿࡓࡵࠊ༑ศ࡞ᙉᗘࡀⓎ⌧ࡉࢀ࡞࠿ࡗࡓࡢ࡛ࡣ
࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋࡼࡗ࡚ࠊᮏヨ㦂ࡢ᮲௳ୗ࡛ࡣࠊ
ྵỈẚ 60%ࡀጇᙜ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
E ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺΰධ⋡
㣴⏕ᮇ㛫ࢆ 4㐌㛫࡜ࡋࡓ࡜ࡁࡢ౪ヨయ࡛ࡣࠊࢭ࣓
ࣥࢺΰධ⋡ 3%࡛ࡣ㧗࠸ᙉᗘࢆⓎ⌧ࡋ࡚࠸ࡓࠋࡲࡓࠊ
ΰධ⋡㸸2%ࡶ 3%࡜ྠ⛬ᗘࡢᙉᗘࢆᚓࡿࡇ࡜ࡀ࡛ࡁ
ࡓ㸦ᅗ 7㸧ࠋࡼࡗ࡚ࠊྐ㊧➼࡛ࡢ฼⏝࠾ࡼࡧࢥࢫࢺࡢ
㠃ࢆ⪃៖ࡋࡓሙྜࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺࡢΰ
ධ⋡ࢆ 2%࡜ࡍࡿࡇ࡜ࡀጇᙜ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀ
ࡿࠋࡲࡓࠊ୍⯡࡟ࢭ࣓ࣥࢺΰධ⋡ࢆቑࡸࡍࡇ࡜୍࡛
㍈ᅽ⦰ᙉᗘࡀቑຍࡍࡿ࡜⪃࠼ࡽࢀࡿࡀࠊ㣴⏕ᮇ㛫ࢆ
1 㐌㛫࡜ࡋࡓ࡜ࡁࡢ౪ヨయࡣ௒ᅇࡢヨ㦂࡛ࡣࠊࡑࡢ
ࡼ࠺࡞ഴྥࡣぢࡽࢀ࡞࠿ࡗࡓࠋ㸦ᅗ 8㸧ࠋࡇࢀࡣࠊᮦ
ᩱࡢΰྜࡀ୙༑ศ࡛࠶ࡗࡓࡓࡵࠊࢭ࣓ࣥࢺࡢỈ࿴཯
ᛂࡀ༑ศ࡟㐍⾜ࡋ࡚࠾ࡽࡎࠊᙉᗘࡢⓎ⌧ࡀ㐜ࢀࡓࡓࡵ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋ 
⾲ 2 ୍㍈ᅽ⦰ヨ㦂࡟⏝࠸ࡓᨵⰋᅵࡢ㓄ྜẚ 
ᅗ 5 ྵỈẚࡢ㐪࠸㸦=3%ࠊ=10%ࠊ㣴⏕㸸4㐌㛫㸧 
ᅗ 6 ྵỈẚࡢ㐪࠸㸦=1%ࠊ=10%ࠊ㣴⏕㸸4㐌㛫㸧 
ᅗ 7 ࢭ࣓ࣥࢺΰධ⋡ࡢ㐪࠸ 
㸦=90%ࠊ=10%ࠊ㣴⏕㸸4㐌㛫㸧 
ࢭ࣓ࣥࢺΰධ⋡ ᪂⇞ᓅⅆᒣ⅊ ➉ࢳࢵࣉΰධ⋡ 㣴⏕ᮇ㛫
  [%] ྵỈẚ [%]   [%] [㐌㛫]
1 1 60, 90, 120 10 1,2,4
2 2 60, 90, 120 10 1,2,4
3 3 60, 90, 120 10 1,2,4
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F ➉ࢳࢵࣉΰධ⋡
ᅗ 9 ࡟♧ࡉࢀࡿࡼ࠺࡟ࠊ➉ࢳࢵࣉΰධ⋡ࢆ =5㹼20%࡜ࡋࡓ
ሙྜࠊ➉ࢳࢵࣉΰධ⋡ࡀቑࡍ࡜ᙉᗘࡣቑຍࡍࡿഴྥ࡟࠶ࡿࡀࠊ
15%ࠊ20%࡛ᙉᗘᕪࡣ኱ࡁࡃぢࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࠊ➉ࢳࢵ
ࣉࡀ᪂⇞ᓅⅆᒣ⅊ࡢỈࢆ྾Ỉࡍࡿࡇ࡜ࡸ➉ࢳࢵࣉ࡜ⅆᒣ⅊ࡢჶ
ྜࢃࡏ࡟ࡼࡾ୍㍈ᅽ⦰ᙉᗘࡀቑࡋ࡚࠸ࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽ
ࢀࡿࠋ௒ᅇࡢヨ㦂⤖ᯝ࠿ࡽࠊ➉ࢳࢵࣉΰධ⋡࡜ࡋ࡚ࡣࠊ➉ࢳࢵ
ࣉࢆ฼⏝࡛ࡁࡿ㔞ࡣ㝈ࡽࢀ࡚࠸ࡿࡓࡵࠊ౵㣗ᑐ⟇࡟ᚲせࡉࢀࡿ
୍㍈ᅽ⦰ᙉᗘࢆ⪃៖ࡋࡓୖ࡛ࠊ15%௨ୗ࡟タᐃࡍࡿࡢࡀጇᙜ࡛
ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋ 
 
㸴㸬࠾ࢃࡾ࡟
 
ᮏ◊✲࡛ࡣࠊ୰ୡᒣᇛࡢ㐟Ṍ㐨ࡢ㞵Ỉ࡟ࡼࡿ౵㣗ᢚไᑐ⟇ࢆ
┠ⓗ࡜ࡋࠊⅆᒣ⅊ࡸ➉ࢳࢵࣉࡢ᭷ຠ฼⏝ࡢほⅬ࠿ࡽࠊࡑࢀࡽ࡜
ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺࢆΰྜࡋࡓᨵⰋᅵࡢస〇ࢆ⾜ࡗࡓࠋ 
ᨵⰋᅵࡢ⪏౵㣗ᛶࢆ᳨ウࡍࡿࡓࡵࠊேᕤ㝆㞵⿦⨨ࢆ⏝࠸ࡓ౵
㣗ヨ㦂ࢆᐇ᪋ࡋࠊ➉ࢳࢵࣉࢆΰධࡋࡓ౪ヨయࡀ㧗࠸⪏౵㣗ᛶࢆ
♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋ  
ࡲࡓࠊᨵⰋᅵࡢᙉᗘ≉ᛶࢆㄪ࡭ࡿࡓࡵࠊ୍㍈ᅽ⦰ヨ㦂ࢆᐇ᪋ࡋࡓࠋྵỈẚࠊᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺΰ
ධ⋡ࠊ➉ࢳࢵࣉΰධ⋡ࡢ␗࡞ࡿ౪ヨయࡢ୍㍈ᅽ⦰ᙉᗘ࡟ࡘ࠸࡚⪃ᐹࢆ⾜ࡗࡓࠋ௒ᅇࡢ㓄ྜ࡛ࡣࠊ㣴⏕ᮇ㛫ࢆ
4㐌㛫࡜ࡋࡓሙྜࠊ⾲ 3࡟♧ࡋࡓࡼ࠺࡟⣙ 20㹼50 kN/m2ࡢ୍㍈ᅽ⦰ᙉᗘࢆᚓࡿࡇ࡜ࡀ࡛ࡁࠊ௒ᅇࡢ㓄ྜࢣ࣮
ࢫ࡟࠾ࡅࡿ᭱㐺࡞㓄ྜẚࡣࢭ࣓ࣥࢺΰධ⋡ 2%ࠊྵỈẚ 60%ࠊ➉ࢳࢵࣉ 15%࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡋ࠿ࡋ
࡞ࡀࡽࠊྐ㊧ෆࡢ㐟Ṍ㐨࡟࠾ࡅࡿ౵㣗ಖㆤ࡟㛵ࡋ࡚ࠊලయⓗ࡞ᙉᗘࡣᐃࡵࡽࢀ࡚࠾ࡽࡎࠊ౵㣗ᢚไ࡟㐺ࡋࡓ
㓄ྜẚࢆᚓࡿࡓࡵ࡟ࡣࠊ౵㣗࡟ᑐࡋ࡚᭷ຠ࡞୍㍈ᅽ⦰ᙉᗘ࡟ࡘ࠸࡚᫂ࡽ࠿࡟ࡋ࡚࠸ࡃᚲせࡀ࠶ࡿࠋࡼࡗ࡚ࠊ
౵㣗ヨ㦂ࢆࡉࡽ࡟ᐇ᪋ࡋࠊ୍㍈ᅽ⦰ᙉࡉ u࡜ᩳ㠃ࡢゅᗘࠊ⾲㠃ὶ㔞ࡢ㐪࠸࡟ࡼࡿ౵㣗㔞ࢆほᐹࡋࠊ౵㣗ᢚไ
࡟ᚲせ࡞୍㍈ᅽ⦰ᙉᗘࢆ᫂ࡽ࠿࡟ࡋ࡚࠸ࡃᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
ㅰ㎡㸸ᮏ◊✲ࡣࠊᚿᕸᚿᕷᩍ⫱ጤဨ఍ࡸ⸃ᦶᕝෆᕷᩍ⫱ጤဨ఍ࡢከ኱࡞༠ຊࢆᚓࡲࡋࡓࠋࡇࡇ࡟ࠊㅰពࢆ⾲
ࡋࡲࡍࠋ 
 
ཧ⪃ᩥ⊩
1) ໭ᮧⰋ௓㸪㔜⏣᫓ᶞ㸪ᅄ⏣ᓫஅ㸪⏣⏿຾ᖾ㸪ᒣ⏣Ᏺ㸪⡿ඖྐ㑻㸪኱❑⚈᫭㸪୰ᓥဴ㑻㸪⸨஭ἲ༤㸸୰ୡᒣᇛྐ㊧ෆࡢ
ࡋࡽࡍᩳ㠃ಖㆤ࡟ࡘ࠸࡚㸪Ṕྐ㒔ᕷ㜵⅏ㄽᩥ㞟㸪Vol.5㸪pp.89-94㸪2011㸬 
2) ໭ᮧⰋ௓㸪㓇ໝ୍ᡂ㸪ᅄ⏣ᓫஅ㸪୰ᓥဴ㑻㸪⸨஭ἲ༤㸸ᅜᣦᐃྐ㊧ΎⰍᇛ㊧㸦⸃ᦶᕝෆᕷ㸧ಖᏑ⟶⌮࡬ࡢᆅ┙ᕤᏛ
࠿ࡽࡢྲྀ⤌ࡳ㸪Ṕྐ㒔ᕷ㜵⅏ㄽᩥ㞟㸪Vol.6㸪pp.335-338㸪2012㸬 
3) 㧗ᶫᘯ㸪ᰩཎᘯᶞ㸪㔛ぢᬛ᫛㸸ᮾ᪥ᮏ኱㟈⅏࡛Ⓨ⏕ࡋࡓᗫᮌᮦ࡜ὠἼሁ✚≀ࡢ෌㈨※໬࡟ࡼࡿᆅ┙ᮦᩱࡢ㛤Ⓨ㸪➨ 6
ᅇᅵ◁⅏ᐖ࡟㛵ࡍࡿࢩ࣏ࣥࢪ࣒࢘ㄽᩥ㞟㸪pp1-6㸪2012㸬 
ᅗ 8 ࢭ࣓ࣥࢺΰධ⋡ࡢ㐪࠸ 
㸦=90%ࠊ=10%ࠊ㣴⏕㸸1㐌㛫㸧 
ᅗ 9 ➉ࢳࢵࣉΰධ⋡ࡢ㐪࠸ 
㸦=60%ࠊ=2%ࠊ㣴⏕㸸2㐌㛫㸧 
⾲ 3 㣴⏕ᮇ㛫 4㐌㛫ࡢሙྜࡢ㓄ྜẚ࡜୍㍈ᅽ⦰ᙉᗘ 
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ࢭ࣓ࣥࢺΰධ⋡ ᪂⇞ᓅⅆᒣ⅊ ➉ࢳࢵࣉΰධ⋡ ୍㍈ᅽ⦰ᙉᗘ
  [%] ྵỈẚ   [%]   [%]  u [kN/m2]
1 1 60 10 30.67
2 1 90 10 21.5
3 1 120 10 20.04
4 2 60 10 47.87
5 2 90 10 46.73
6 2 120 10 30.9
7 3 60 10 50.26
8 3 90 10 47.67
9 3 120 10 34.15
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